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JP" @ An ultra-lightweight, open-pore foamed cellulose material with an increased surface area, having ion 
^ exchangeable functional groups introduced in it. The cellulose material presents a three-dimensional network 
structure which, upon swollen, has a pore diameter of 0.5 to 12.0 mm, a mean pore, diameter of 0.1 to 1 .7 mm, a 
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1^ The ion exchangeable functional groups, for instance, may be catontc polyethyleneimine. 
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BAGKOPOUNn OF THE INVENTION 
Held of the Invention 

5 The present invention relates to a open-pore foamed cellulose material used as carriers for ion 
exchangers and cuituring animai Ceils, which is easy to handle and has a large surface area per unit weight. 

More particularly, this invention concerns a cellulose ion exchanger obtained by the introduction of an 
ion-exchangeable functional group in an open-pore foamed cellulose material, which Is easier to handle and 
larger in terms of the surface area per unit weight than conventional gel-like ion exchangers. This invention 

10 is also directed to an animai cell culture earner which is easier to handle than conventional animal cell 
culture microcan-iers and can culture animal cells while the cells are immobilized thereon at high densities, 
without deteriment to an environment well suited for cell growth. 



Statement of the Prior Art 

75 

Industrial ion exchangers so far used in the art has their origin in a discovery by Adam et al in England 
in 1935 that condensates of phenolic compounds with formalin absorb alkalis while condensates of aniline- 
based compounds with formalin do acids. The commercialization began with success for the first time in 
Germany in 1938. Since then, they have enjoyed steadily increases indispensable to industrial purposes, 

20 inter alia, water disposal. 

Moit of these ion exchangers, based on resins, are of a hydrophobic nature on their surfaces. 
Depending upon what is ion-exchanged or, in more illustrative terms, when polymeric materials, e.g. 
hydrophilic biopolymers such as proteins, are ion-exchanged, they may often produce unfavourable effects 
due to their hydrophobic interaction with such polymers. This is for one thing, attributable to difficulty 

25 involved in elution operation, partly because ion bonds take no part in adsorption: for another, repeliency 
takes place through electrostatic or van der Waais' force, resulting in a serious drop in adsorptivity. 

Cellulose-based ion exchangers developed by Sober et al in 1954, on the other hand, are of so strong a 
hydrophilic nature on their surfaces, that if they are used in aqueous media, the surfaces of their supports 
can be taken as behaving just like an aqueous solution. To put it another way, neither adsorption nor 

30 repeliency takes place through electrostatic force other than their ionic interaction with what is ion- 
exchanged. Therefore, such ion-exchangers have a great advantage of being able to control in an easy 
operation the adsorption and elution of matter, even though it is a sterically sophisticated biopolymer such 
as protein or lipid, in which one molecule includes hydrophilic and hydrophobic moieties with the 
electrostatic force therebetween being well balanced in an aqueous system. This is because no interaction 

35 but three types of electrostatic force takes place between three sets of polymer and water; polymer and 
functional groups the ion exchangers have: and functional groups the ion exchangers have and water. 

Such ion exchangers based on cellulose supports are now commercialized in sheet (planar and filter 
sheets), powdery, granular and gel-like forms. 

When carrying out cell culture, most of animal cells cannot proliferate without deposition onto the 

40 surface of solid matter. For that reason, some solid surface should be in store, whatever the culture scale is. 

me surrace area per cuiiure voiume, inereoy increasing prouucuviiy. \j\ uiese iiitsaiis, uits musi siaiiuaiu ui 
all is a microcan-ier culture technique, according to which microcanriers, each having a relatively large 
surface area, are suspended in a culture medium to increase the culture area available per culture volume 

45 to a maximum. The microcarriers, designed to culture animal cells, are obtained by forming polymers such 
as polysaccharides or polystyrene into beads having a particle size of 100 to 300 iim, on which the cells are 
to be immobilized. For promoting deposition of cells onto the microcanriers. they may be either coated 
thereon with collagen or positively charged by chemical synthesis. The fomier collagen type of carrier has 
an advantage of showing higher bioaffinity than does naturally occumng collagen, whereas the latter charge 

50 type of carrier has several advantages of tjeing able to immobilize floating cells which cannot othenwise be 
fixed in place and capable of being repeatedly used after the removal of cells using such enzymes as a 
protease etc. Thus, both types of carriers may be selectively used depending upon what they are used for. 
The charge type of carrier is prepared by the introduction of ternary amino groups represented by a 
diethylaminoethyl group or quaternary amino groups as cations, typically available in the trade names of 

55 Cytodex 1 and Cytodex 2 made by Pharmacia Co., Ltd. 

Having only limited use in view of morphology, currently available cellulose ion exchangers may be 
used on iaboratorial scales but have a disadvantage of being often unsuited for use at an industrially 
extensive scale. 
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!n brief, sheet-form ion exchangers are used in such a way that paper filters are used. For instance, 
they have been primarily employed as the immobilizing layers for paper chromatography. They may also 
be used possibly in another way; they may be packed in columns through which fluids flow for ion 
exchange, wherein an ultrafiltration membrane would be spirally wound as the immobiizing film for the so- 
5 called column chromatography. However, experience teaches that they cannot be used for that purpose, 
since there is possibility that the film may break for lack of strength and by the force generated by the 
flowing of fluids. 

Even when they are applied to filtration according to the average procedure of using paper filters, it is 
impossible to make the filtration area larger than the required space, if they are used in a planar form, thus 

10 failing to Increase the ion exchange capacity. For this reason, they cannot be used without subjecting them 
to special morphological treatments. 

Powdery Ion exchangers may possibly be used as the fixed layer for thin-layer chromatography. 
However, such use has been rarely made for the fixed layer for column chromatography. In which they are 
packed for the ion exchange of a sample fluid, because the size of the particles renders it impossible to 

75 increase the flow rate of the sample fluid and to enhance the ion exchange efficiency. 

The powdery ion exchangers are also ill suited for use with the so-called batchwise systems wherein 
they are put directly into a sample fluid to be ion exchanged, thereby selectively adsorbing the required 
substances from the sample fluid. This is because not only is the recovery of the necessary substances 
timeconsuming but their washing takes too much time as well. 

20 Thus, these two types of ion exchangers may have found their use for analytical purposes alone, as 
there Is clear-cut evidence that they are not well fit for use at an extensive scales. 

On the other hand, granular or gel-form ion exchangers have been primarily used as chromatographic 
fixed layers In which they are packed, or for selectively adsorbing the required substances from a sample 
fluid in which they are put. However, their use is limited to narrow conditions (to such low flow rates so as 

25 not to produce pressure In a state of low ionic strength) because of the following demerits. For one thing, 
they are crushed flat due to their low physical strength when they receive the pressure or shear force 
generated by increased flow rates or stirring; for another, they are likely to contract or change in diameter 
when sample fluids of high ionic strength are used with them, giving rise to changes in their packing in 
columns and to channeling. 

30 From the practical standpoint, limited use Is not desirable, since It makes little contribution to the 
advancement of technology. Especically when a certain type of technology has limitations to scaling up, 
there is only limited use, e.g. analytical use, making poor its future industrial prospects. 

Turning now to animal cell culture carriers, the most popular standard ones are a microcarrier having 
such a large surface area as to mass culture cells. However, that microcarrier is still less satisfactory in 

36 terms of the surface area. Thus, there Is a strong demand among various animal cell-related industries for 
the development of a carrier enabling cell culture to be carried out at much higher densities. Moreover, 
when microcarriers are used with turbulently flowing culture solutions or excessively packed in culture 
solutions, there is an increased chance of their colliding with one another with large impact, so that the 
immobilized cells suffer damage to such an extent that they cannot survive. In the case of mlcrocamers, 

40 these problems are attributable to the fact that It Is only their surfaces, not at some place In them, where 



45 SUMMARY OF THE INVENTION 

A main object of this invention is to overcome the problems with the prior art cellulose ion exchangers 
and animal cell culture carriers so far put to practical use and commercialized, that they are clumsy and 
used on only limited scales, by providing a new version of material which can be applied to industrial 
50 purposes at an extensive scale. 

In order to achieve this object, we have studied a cellulose support having the following features: 

(1) Easy to handle, 

(2) Excelling in water permeability, 

(3) Having a larger surface area per unit weight, 
55 and 

(4) Having an increased physical strength. 

As a result of researches and Investigation, we have now found that an open-pore foamed cellulose 
material Is effective for such a cellulose support. 
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and cell-forming crystalline substances with viscose obtained by cliemical treatments of liigh-purity pulp 
made from wood and putting the mixture in a mold winerein it is lieated and then cooled down for 
solidification, alternatively adding the mixture dropwise into a solidifying liquid, thereby obtaining beads. 
With the thus obtained open-pore foamed cellulose material, the following features can be abtained. 
By using this material as an ion exchanger support, it Is possible to facilitate separation of liquid from 
the ion exchanger. Moreover, it is possible to use the ion exchanger in a batchwise manner because of 
standing up to pressure increases with an increase in flow rates and shear force generated by stin-ing and 
to realize a more increased ion exchange capacity through its increased surface area. 

By using this material as an animal cell culture earner support, it is possible to provide a rapid feeding 
of nutrients and oxygen from a culture solution to cells. This is because the culture solution penetrate easily 
through the carrier by way of a numljer of continuously crisscrossed fine pores. In this case, however, the 
hould b e regulat e d to 0.1 to 1.7 mm. On th o oth o r hand, spodog e nous mat ter s produced by 
cells can be so rapidly removed that the cells can grow not only on the earner but also all through the 
carrier. Such a particular constructional feature enables the specific surface area to be about 10 times 
greater than that of the conventional microcarrier. only the surface of which is available for cell deposition, 
thus making it possible to immobilize cells at much higher densities. This spongy open-pore foamed 
construction also protects ceils witiiin it. absorbing impacts produced by collisions among tiie bead carriers. 
Thus, it is very unlil<ely that cells may suffer damages by collisions among the bead carriers caused by the 
20 flowing of a culture solution. Ukewise, that consti'uction protects cells against a large shear force occurring 
in an incubator such as a spinner flask, so that its revolutions per minute can be increased until sufficient 
flow rates are achieved. Such effects make it possible to pack the present carriers at a density higher than 
has been possible with conventional carriers. 

The cellulose forming part of the open-pore foamed cellulose material is of a surface hydrophilic nature 
25 so strong that its surface can behave just like an aqueous solution, if it is used in an aqueous system, and 
shows a favorable affinity to biopolymers such as proteins and cells. In addition, since the cellulose contains 
a variety of hydroxyl groups In its molecules and presents a structure well-suited for introducing various 
functional groups therein, cellulose ion exchangers and animal cell culture carriers can be easily obtained 
from cellulose by introducing ion-exchangeable functional groups therein. The ion-exchangeable functional 
30 groups, for instance, include groups containing one nitrogen atom such as primary, secondary, tertiary 
amine groups and quatemary ammonium groups represented by aminoethyl, diethylamino and triethylamino 
groups as well as cyano. thiocyanato and hydroxyamino groups; groups containing two or more nitrogen 
atoms such as those represented by ureido, amidino, guanidino and polyethyieneimine groups, heterocyclic 
groups represented by pyrrolyl. pyridyl, piperidyl. quinolyl and morpholinyl groups, and nitrogen atom- 
35 containing crown compounds represented by azacrown and cryptand; oxygen atom-containing groups such 
as carboxyl groups represented by carboxymethyl and iminodiacetic acid groups, heterocyclic groups 
represented by a furyl group, cyclic ether represented by 18-crown-6 and carbonyl groups represented by a 
hydroxamic acid group; phosphorus atom-containing groups such as those represented by a phospho 
group; groups containing one sulfur atom such as ttiose represented by mercapto and sulfo groups; and 



Of these ion exchangeable functional groups, it is a polyethyieneimine group - fomiulated below - that 
is best-suited for the animal cell culture carrier of this invention. 



45 {-C2H4^-N(-C2H*-NH2)-C2Ht-NH-} n (1) 



Polyetiiyleneimine is a transparent, viscous, water-soluble polymer obtained by polymerization in the 
presence of an acid catalyst and having a highly branched tree structure. Reference is here made to the 

so reasons why the polyethyieneimine group is the best-suited functional group to be introduced in the animal 
cell culture carrier of this invention. For one thing, it can improve cell deposition by the feature to be 
described later; for another, it can minimize an adverse influence that synthetic ion exchangeable functional 
groups have on cells. In other words, it is desired that the amount of non-natural or synttietic functional 
groups to be Introduced be reduced as much as possible. Polyethyieneimine, which has the highest 

55 ionization density among existing polymer materials, is capable of receiving cells in the least amount, and is 
said to be a more cell-receptive but less cytotoxic carrier for carrying animal cells. Straight-chain functional 
groups are likely to dissolve in a culture solution when their molecular chains are damaged and cut off, 
because they are eluted at one end not bonded to earners. Due to its branched stmcture in which its 
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terminals are a!! bonded to carriers, howavar, the polyethyleneimine group is hardly set free. Referring on 
the one hand to functional groups introduced in ordinary microcarriers, monomers or dimers of ternary or 
quaternary amino groups are so bonded together that low-molecular weight straight-chains can extend from 
the earners. Once the bonded regions have been damaged and broken for some unknown reasons, the 

5 functional groups may be liberated, producing an adverse influence upon the growth of cells. Refemng on 
the other hand to low-moiecular weight functional groups introduced in usual micrccarriGrs, their molecular 
chains extending from the carriers are so short that charges are distributed on the carriers' surfaces alone. 
Thus, the adsorption space required for immobilizing cells onto the earners is limited to the carriers' 
surfaces alone. By contrast, polyethyleneimine is allowed to be present not only on the surface of the 

70 can-ier material but also In a space more or less separate from the carriers, leading to an improvement in 
adsorption efficiency and so resulting in an increase in capability of receiving cells. 

Making use of their adsorptivity, ion exchangers are used for recovering valuable matter, removing 
impurities, discoloration and other purposes. The open-pore foamed cellulose ion exchanger of this 
invention is characterized by standing up to industrial use. In addition, it may possibly find use not only in 

75 general chemical industries but in food industries as well, since naturally occurring materials used as the 
starting materials are excellent in terms of bioaffinlty and toxically harmless. One example of the open-pore 
foamed cellulose ion exchanger of this invention is ECTEOLA cellulose having triethanolamino groups 
introduced in it. Generally available ECTEOLA cellulose has a total exchange capacity of 0.2 to 0.4 meq/g, 
but the ECTEOLA cellulose of this invention shows a total exchange capacity as high as 1.0 meq/g. 

2a 

EXAMPLES 

The present Invention will now be explained specifically but not exclusively with reference to some 
examples In which the ECTEOLA/open-pore foamed cellulose combination Is used. 

25 

Example 1 

Protein Adsorption Test 

30 Prior to experimentation, an OH type of ECTEOLA/cellulose ion exchanger sample is provided. 

A precisely weighed 1 g of the undried ECTEOLA/cellulose open-pore foamed sample is placed in an 
open column, which is then treated with a total amount of 1 liter of 2N-NaOH for 2 hours. After the 
completion of that treatment, NaOH residues in the column are flushed away, and deionized water washing 
is repeated until the washings show no alkaline sign. The thus treated sample is used for subsequent 
35 testing, while remaining undried. 

/Vpart from this, a precisely measured constant amount of the sample is dried at 105 c for 6 hours to 
find the weight of the dried matter. The water content is then found by the following equation: 

Water Content = (Weight Before Drying - Weight After Drying)/(Weight Before Drying) 

40 

numan serum aiouniiii \fuaua uy vvanu uuiiyonu rv.rv../ lo utsov>iv<3u n, .■i.w. —.^ .-j,-.™™ ™ _ 

concentration of 0.1 % (w/v) at at)out pH 6.0. 

Forty (40) ml of the 0.1 % albumin solution are poured in each of two 100-mi volume flasks, one of 
45 which is used as a blank. Put in another flask is the OH type of the sample. 

After gentle stirring, the flasks are allowed to stand overnight. The carriers are treated through a glass 
filter and washed with several portions of deionized water. After that, the filtrate combined with the washings 
is regulated with 0.1 N HCl to pH B.O to measure their total liquid weight. 

The absorbances of the blank and test solution are measured by colorimetry at 280 nm. The 
so adsorptivity is then found by the following equations. 

Amount of Protein Not Adsorbed (mg) = (Absorbance Of Testing Liquid//\bsorbance of Blank) x Total 
Liquid Weight (mt) x 1 mg/mi. 

Adsorption (mg) = (Amount of Protein Before Adsorption in 1 mg/mi x 40 mt) - (Amount of Protein Not 
55 Adsorbed). 

Protein Adsorptivity (mg protein/g dry weight) = (Adsorption in mg)/(Weight of Sample (g) x (1 - Water 
Content) 
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The results of experimentation are reported in below. 

Weight of the sample used 0.7233 g 

Absorbance of blank 0.4838 (Abs280nm) 

Absorbance of the test liquid 0.1693 

Total weight of the test liquid 85.5 

Sample for measruing water content 



Weight before drying 0.3124 g 

Weight after drying 0.2 808 g 

Water content 0.101 

Adsorption 10.7 mg 

Albumin absorptivity 16.4 mg albumin/g sample (d.W.) 
Example 2 

Polypeptide Adsorption Test 

Polypeptone (made by Nippon Seiyaku K.K.) is dissolved in deionized water and regulated to a 
concentration of 0.25 % (wA^) at about pH 6.9. 

Eighty (80) mt of the 0.25 % polypeptone solution are poured in each of two 100-mt volume flasks, 
one of which is used as a blank. Put in another flask is the OH type of sample. 

After gentle stirring, the flasks are allowed to stand overnight. The carriers are treated through a glass 
filter and washed with several portions of deionized water. After that, the filtrate combined with the washings 
Is regulated with 0.1 N HCl to pH 7.0 to measure their total weight. By colorimetry, the absorbances of the 
blank and test liquid are measured at 280 nm to calculate their adsorptivities according to the procedure of 
Example 1. 

The results are reported below. 
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Weight of the sample used 0.2004 g 

Absorbance of blank 1.3342 {Abs280nm) 

Absorbance of the test liquid 0.7493 

Total weight of the test liquid 132 mj? 

Sample for measruing water content 

Weight before drying 0.2550 g 



Weight after drying 0.2327 g 

Water content 0 • QQ"^ 

Adsorption 14.7 mg 

Poiypeptone Adsorptivity 

80.3 mg polypeptone/g sample (d.W.) 



Amino Acid Adsorption Test 

An amino acid brandnamed as L-Tylosine (made by Wako Junyaku K.K.) is dissolved in a small amount 
of 0.1 N sodium hydroxide and then dissolved in deionized water to a concentration of 0.0625 % (w/v). The 
pH of the solution, which varies more or less depending upon the amount of sodium hydroxide, lies in the 
range of 11.5 to 12. 

Eighty (80) ml of the 0.0625 % Tylosine solution are poured in each of two 100-mt volume flasks, one 
of which is used as a blank. Put in another flask is the OH type of sample. 

After gentle stirring, the flasks are allowed to stand overnight. The earners are treated through a glass 
filter and washed with several portions of deionized water. After that, the filtrate combined with the washings 
is regulated to pH 1 1 .5 to 12 to measure their total weight. 

By colorimetry. the absorbances of the blank and test liquid are measured at 293 nm to calculate their 
arissnrntiuitiBS accordina to the orocedure of Example 1 . 
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Weight of the sample used 
Absorbance of blank 
Absorbance of the test liquid 
Total weight of the test liquid 



0.3988 g 
0.7751 (Abs293nm) 
0.4526 
130 mji 



Sample for measuring water content 
Weight before drying 



Weight after drying 
Water content 



0.2327 g 
0.087 



Adsorption 2.6 mg 

Amino Acid Adsorptivity 

7.0 mg Tylosine/g sample (d.W.) 



Example 4 

Pigment Adsorption Test 

30 Tests were performed with commercially available food pigments (esculent blue and red) having the 
following components. 

Esculent Blue (made by Ogura Shokuhin Kako K.K.) 

Esculent Blue No . 1 5 % 
Esculent Yellow No. 4 3 % 
Q-j 

Esculent Red (made by Ogura Shokuhin Kako K.K.) 

Esculent Red No . 3 7 36 

Dextrin 93 ^ 

The esculent blue and red pigments are both dissolved in delonized water to a concentration of 0.25 % 

™ ^'"'"two hundred (200) mt of the 0.25 % pigment solution are poured in each of two 300 ml volume flasks. 

one of which is used as a blank. Put in another flask is the OH type of sample. 

After gentle stirring, the flasks are allowed to stand for 2 or 3 days. The carriers are treated through a 

Glass filter and washed with several portions of deionlzed water to remove portions of the pigments not 
65 adsorbed. The filtrate is combined with the washings to prepare a test liquid, the total weight of which is 

thenjneasured.^^^ the absorbances of the blank and test liquid are measured to calculate their adsorp- 

tivities according to the procedures of Example 1 . 
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AbsorbancG dotcrmiriation is caTisd out at 530 nm with Fsr.njfint Blue No. 1 and at 410 nm with 
Esculent Yellow No. 4 for the food blue pigment; and at 526 nm with Esculent Red No. 3 for the food red 
pigment. 
. The results are set out below. 

5 

Esculent Blue 

Weight of the sample used 0.0415 g 

10 

Total weight of the test liquid 180 mjl 
Blue No. 1 

15 Blank Absorbance 15.07 (Abs.eso nm) 

Absorbance of the test liquid 13.34 
Yellow No. 4 

20 

Blank Absorbance 4.03 {Abs.410 nm) 



25 
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Absorbance of the test liquid 2.577 
Esculent Red 

Weight of the sample used 0.0415 g 

Total weight of the test liquid 180 ml 
Red No. 3 

Blank Absorbance 14.87 (Abs.526 nm) 

Abso rbance of the test liquid 6 ■ 24 
Sample for measuring water content 

Weight before drying 0.2099 g 

Weight after drying 0.1928 g 

Water content 0 . 081 

Adsorption of Blue No. 1 3 . 4 mg 

Adsorption of Yellow No. 4 6.5 mg 

Adsorption of Esculent Blue 

(Adsorptions of Blue No. 1 + Yellow No. 4) 9.9 mg 
Adsorptivity of Esculent Red 25.5 mg 

Adsorptivity of Esculent Blue Pigment 

259.6 mg pigment/g sample (d.W.) 
Adsorptivity of Esculent Red Pigment 

673.1 mg pigment/g sample (d.W.) 



accoraing to tnis invention. However, it is unaerstooa tnat tne present invention is not iimitea tnereto 
whatsoever. 

45 Example 5 

Polyethyleneimine was covalently bonded to a marcerized, open-pore foamed cellulose material by way 
of epichlorohydrin to prepare an animal cell culture canier material. The polyethyleneimine used had a 
molecular weight of 10,000, and the foamed cellulose material used was cut into a cubic piece having a 1 
50 mm side, the size suitable for cell culture, (made by Sakai Engineering Co., Ltd.). 

Example 6 



To obtain an animal cell culture carrier material or an ECTEOLA/cellulose combination, triethanolamine 
55 was covalently bonded to a mercerized, open-cell foamed cellulose material via epichlorohydrin. The 
foamed cellulose material used was cut into the same size as refenred to in Example 1 . 

Example 7 
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A mercerized, open-pore foamed cellulose material was aiioweu lO ireau '^••""•r"r""7f;;=,;«H 
prepare an animal ceil clre carrier material with the carboxymethyl groups introduced .n ,t. The foamed 
cellulose material was cut into the same size as referred to in Example i. 

5 Example S 

A mercerized, open-pore foamed cellulose material was allowed to react with "1°"°^^^'°;°^^!;^ .^^'^ 
into cirbZmeth;icellulose. in which polyethyleneimine was then inlroduced by e^tro^afc at^act-on 
hereby preparing an animal cell culture carrier material. The polyethyleneimine used had a molecular 
,0 weS of ?0 000 and the open-pore cellulose material used was cut into the same size as referred to ,n 
Example 1 . 

Example 9 

,5 An open-pore foamed cellulose material was cut into a cubic piece having a 3-mm side, and was then 
formed Into an animal cell culture carrier material by following the procedure of Example 1. 

Comparative Example 1 



AS an animal cell culture carrier material, use was made of Cytodex 2 ■^^^^ by ^1^^^^ Co L^d^ in 
which N.N.N-trimethyl-2-hydroxy-aminopropyl groups were introduced onto the surfaces of crossl.nked 
dextran beads. 
Comparative Example 2 

As an animal cell culture carrier material, use was made of Domiacel 1 made by Pfeifer & Langen Co 
Ltd.?n whfch dimers of diethylamino groups were introduced onto the surfaces of crossl.nked dextran 



Illustrative Embodiments 



cell culture was performed with the carrier materials of Examples 5-9 and Coniparatlve Examples 1-2^ 
The nlC Of immobilized cells and the concentration of valuable matters produced by them were 
determined after their proliferation had reached a steady state. x tH= .,mo-o with trvosin 

« The number of ceHs were found by an erythrocytometer after the treatment of the earners with trypsin. 
The rSed^ usS weS E-RDFs made by Kyokuto Seiyaku K.K., which received additionally prol-feraton 
Iromotors suc^as^nsuiln. ethanolamine. transferrin and selenium. Immobilization zeroed on fibroblast and 
LC ceS The Ooblasts used were mouse L929 cell lines in which human e^hropoetn genes 
ISnafS EPO for short), and the floating cells used were antibody-producing mouse hybndoma 16-3F 

intemaT c^llndeT'revolution type of bioreactor (made by Sakal Engineering Co.. Lta.,. i-or ma 
culture, the carrier were packed at 15 % per volume of the culture solution. 

45 Experimental Results 

AS can be understood from Tables 1 and 2, the carriers according to this invention achieves much 
higher density ceil immobilization and much higher productivity than do the conventional earner. 
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Table 1 Densities of fibroblasts and concentration of EPO 
produced thereby. 
(Cell density cells/ml) 
(Concentration of EPO U/ml) 





Cell density on 
petri plates 


Bioreactor 
Cell density Concentration 










Example 5 


8.3 X 10® 


' 7 \ 

1.6 X 10 


6.5 


Example 6 


2.2 X 10® 


5.5 X 10® 


2.1 


Example 7 


1.5 X 10® 


5.0 X 10® 


2.0 


Example 8 


3.3 X 10® 


9.4 X 10® 


3.8 


Example 9 


7.5 X 10® 


1.8 X 10^ 


6.6 


Comparative 
Example 1 


8.8 X 10^ 


1.8 X 10® 


1 . 1 


Comparat i ve 
Example 2 


1.7 X 10® 


1.6 X 10® 


0.9 
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Table 2 Density of floating cells and concentration of 
antibody produced thereby. 
(Cell density cells/ml) 
(Concentration of antibody mg/ml) 





Cell density on 
petri plates 


Bioreactor 
Cell density Concentration 






of antibody 


Example 5 


1.3 X 10*^ 


a. 5 X lo' 


10 


Example 6 


4.1 X 10® 


4.0 X 10^ 


5 


Example 7 


2.3 X 10® 


5.0 X 10® 


3 


Example 8 


3.9 X 10® 


9.4 X 10® 


6 


Example 9 


a. 4 X 10® 


7.0 X 10^ 


10 


Comparat i ve 
Example 1 


4.4 X 10^ 


2.8 X 10^ 


0 


Comparative 
Example 2 


2.8 X 10^ 


5.2 X 10* 


0 



EFFECT OF THE INVENTION 

As recounted above, we have successfully achieved an ion exchanger easy to handle, shov/ing a much 
higher ion exchange capacity per unit weight and having a much larger surface area and a much higher 
physical strength by using an open-pore foamed cellulose material wHh ion-exchangeable functional groups 
introduced in it. . ^ 

... J ; I II ^.M..,^ ^nn-i^r moteriot ansKlinn i^aW immnhiliratinn to he carried 



best-suited for animal cells. Due to its specific construction, the present carrier material enables cells to oe 
protected against physical impacts and media around cells to be rapidly metabolized, thus making it 
possible to effect mass-culture under severe conditions for it. Thus, the present carrier material can be used 
with diverse cell culture processes depending upon what they are industrially utilized for. 



Claims 

1. An ultra-lightweight, open-pore foamed cellulose material with an increased surface area, having ion 
exchangeable functional groups introduced in it. 

2. A cellulose material as claimed in Claim 1, wherein it presents a three-dimensional network structure 
which, upon swollen, has a pore diameter of 0.5 to 12.0 mm. a mean pore diameter of 0.1 to 1.7 mm, a 
specific surface area of 1.0 to 10.0 nf/g, a true density of 1.4 to 1.6 g/cm^ and a porosity of 90 % or 
greater. 



3. A cellulose material as claimed in Claim 1 or 2, wherein the ion exchangeable functional groups are 
cationic polyethyleneimine. 
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